We identify member stars of more than 90 open clusters in the LAMOST survey. With the method of Fang et al. (2018), the chromospheric activity (CA) indices log R CaK for 1091 member stars in 82 open clusters and log R Hα for 1118 member stars in 83 open clusters are calculated. The relations between the average log R CaK , log R Hα in each open cluster and its age are investigated in different T eff and [Fe/H] ranges.
INTRODUCTION
As a star ages, stellar rotation slows due to magnetic braking. In response, the magnetic field strength on stellar surface decreases. As the result, chromospheric heating drops. This paradigm is the current explanation for the observed decline in chromospheric activity (CA) with age (Babcock 1961; Charbonneau 2014) . Skumanich (1972) found that CaII HK lines emission decayed as the inverse square root of stellar age. Thus, CA is a potential age indicator. Several efforts have been undertaken to calibrate it. The quantity which is often used to indicate the strength of CA is R HK . R HK is the ratio of the flux in the core of CaII HK line to bolometric flux (σT 4 eff ). R HK is converted to R HK when photospheric contribution is removed. Soderblom et al. (1991) drew a linear relation between age (log t) and CA (log R HK ) using two open clusters and several visual binaries. They presumed that the relation was deterministic and not just statistical. Later, Rocha-Pinto & Maciel (1998) found a relationship between the observed difference between the stellar isochrone and chromospheric ages, and also the metallicity, as measured by the index [Fe/H] among late-type dwarfs. The chromospheric ages tended to be younger than the isochrone ages for metal-poor stars and the opposite occured for metal-rich stars. Lachaume et al. (1999) provided a CA vs. age relation for solar-type stars with B − V > 0.6 using a piece-wise function. Combining the cluster activity data with modern cluster age estimates, Mamajek & Hillenbrand (2008) derived an improved activity-age calibration for F7-K2 dwarfs with 0.5 mag< B − V < 0.9 mag. Pace & Pasquini (2004) used a sample of five open clusters and the sun to study the relation. They found an abrupt decay of CA occured between 0.6 Gyr and 1.5 Gyr, followed by a very slow decline. Later, Pace (2013) found an L-shaped CA versus age diagram. They suggested the viability of this age indicator was limited to stars younger than about 1.5 Gyr. They detected no decay of CA after about 2 Gyr. However, Lorenzo-Oliveira et al. (2016) took mass and [Fe/H] biases into account and established the viability of deriving usable chromospheric ages for solar-type stars up to at least 6 Gyr. Lorenzo-Oliveira et al. (2018) found evidence that, for the most homogenous set of old stars, CaII H and K activity indices seemed to continue decreasing after the solar age towards the lower main-sequence. Their results indicated that a significant part of the scatter observed in the age-activity relation of solar twins could be attributed to stellar cycle modulation effects.
The goal of this paper is to investigate the relations between CA and age in different T eff and [Fe/H] ranges using the largest sample of open clusters in LAMOST (Cui et al. 2012; Zhao et al. 2012) . Through these CA-age relations, we hope find a way to roughly estimate ages for main sequence stars in LAMOST, which are difficult to derive using the isochrone method. The paper is organized as follows. Section 2 describes data and sample. The measurements of CA indices log R CaK and log R Hα are presented in section 3. Our result and analysis are discussed in section 4. Finally, our main conclusions are summarized in section 5.
2. DATA AND SAMPLE
An overview of LAMOST
The LAMOST telescope is a special reflecting Schmidt telescope (Cui et al. 2012; Zhao et al. 2012; Luo et al. 2015) . Its primary mirror (Mb) is 6.67m×6.05m and its correcting mirror (Ma) is 5.74m×4.40m. It adopts an innovative active optics technique with 4,000 optical fibers placed on the focal surface. It can obtain spectra of 4,000 celestial objects simultaneously, which makes it the most efficient spectroscope in the world. In 2019 June, the LAMOST official website 1 has released five data releases (DR5 v3) to international astronomers. DR5 v3 has 9,026,365 spectra for 8,183,160 stars, 153,863 galaxies, 52,453 quasars, and 637,889 unknown objects. These spectra cover the wavelength range of 3690-9100Å with a resolution of 1800 at the 5500Å. DR5 v3 also provides stellar parameters such as effective temperature (T eff ), metallicity ([Fe/H]), surface gravity (log g) and radial velocity (RV) for millions of stars. The typical error for T eff , [Fe/H], log g and RV are 110K, 0.19dex, 0.11dex and 4.91 km/s, respectively (Gao et al. 2015) . In this work, we measure CA indices log R CaK and log R Hα for the CaII K and Hα lines. Our used spectra and stellar parameters including T eff , [Fe/H], log g and RV are all from DR5 v3. -Gaudin et al. (2018) provided 401,448 member stars with membership probability of 1,229 open clusters in Gaia DR2. We select those member stars with membership probability > 0.6. In addition, Melotte 25 (Hyades) is added from Röser et al. (2019) . The celestial coordinates of these member stars are used to cross match with the LAMOST general catalogue. Only dwarfs (log g > 4.0) with 4000K < T eff < 7000K and signal-to-noise ratios (SNRs) satisfied some limits are selected. For a star with multiple spectra, only the spectrum with highest SNR is retained. For the CaII K line, 1,240 spectra of 89 open clusters with SNR g (signal-to-noise ratio in g band) > 30 remain. For the Hα line, 1,305 spectra of 93 open clusters with SNR r (signal-to-noise ratio in r band) > 50 remain. Table 1 lists these open clusters. The information about member stars can be found on online materials. The ages of these open clusters are from literatures as shown in Table 1 . For most open clusters, their ages are from Kharchenko et al. (2013) This star shouldn't be a member star of the cluster. We don't calculate its log R values.
Open clusters in LAMOST

Cantat
DETERMINATION OF EXCESS FRACTIONAL LUMINOSITY
Fang's method (Fang et al. 2018 ) is used to calculate the excess fractional luminosities log R CaK for the CaII K line and log R Hα for the Hα line. We use only the CaII K line because the CaII H line might be polluted by a hydrogen line. First, equivalent width (EW) for the CaII K line and the Hα line are measured. Then, excess equivalent width (EW ) are obtained. As a last step, we calculate χ, the ratio of the surface continuum flux near the line to the stellar surface bolometric flux from model spectra. We then compute the excess fractional luminosity log R .
Measurement of equivalent width
As an example, the EW of CaII K line is measured by using Equation 1. Here, f (λ c ) denotes the pseudo-continuum flux. To measure the EW of the CaII K line, we integrate the line flux from 3930.2Å to 3937.2Å. The pseudo-continuum flux f (λ c ) is estimated by interpolating the flux between 3905.0-3920.0Å and 3993.5-4008.5Å. These values for CaII K and Hα can be found in Table 2 . Figure 1 shows the spectra of an active star (dotted line) and an inactive star (solid line). V and R represent wavelengths of violet and red pseudo-continua, respectively. The labels 'CaK' and 'Hα' illustrate the wavelength regimes of CaII K and Hα lines, respectively. EW are measured from radial velocity corrected spectra. Figure 2 plots EW CaK vs. T eff and EW Hα vs. T eff . Color is used to represent for the ages of open clusters.
We use simple Monte Carlo simulation to obtain the error of EW. Detail information can be found in Appendix A. For the CaII K line, the average error of EW CaK is about 0.1Å when T eff > 5500K. The average error of EW CaK is about 0.2Å at T eff = 4500K. For the Hα line, the average error of EW Hα is about 0.04Å.
From Figure 2 (a) , it is clear that as T eff decreases, EW CaK first decreases and then increases. Figure 2 (b) shows that as T eff decreases EW Hα increases. As for the two panels, at high T eff range (T eff > 6500K), member stars of different age populations mix. As T eff decreases, young member stars tend to have larger EW than old member stars, which conforms to our expectation. The scatter of EW increases as T eff decreases. Most member stars in our sample have T eff > 5500K. 
Excess equivalent width
To measure excess equivalent width EW CaK and EW Hα , basal lines are needed. The LAMOST official website provides the AFGK type star catalog. In this catalog, stars which satisfy 4000K < T eff < 7000K, log g > 4.0 and SNR g > 30 (SNR r > 50), the same limitations as member stars, are selected. Futher, only stars with -0.8 < [Fe/H] < 0.5 are selected because at poor [Fe/H] range ([Fe/H] ≤ -0.8) there is a negative correlation between EW CaK and [Fe/H]. We calculate their EW CaK and EW Hα by the same method described in section 3.1. Those stars with EW > 10Å or EW < −10Å are excluded. Figure 3 shows EW CaK vs. T eff and EW Hα vs. T eff . This plot includes 1,563,898 stars for EW CaK and 1,581,197 stars for EW Hα . Few stars are located at about 4570K. This may be caused by a defect in the LAMOST pipeline at this T eff .
Because [Fe/H] has more effects on EW CaK than EW Hα , we classify stars into three classes according to [Fe/H]:
For each class, we rebin the stars on T eff with a bin width of 50 K. In each bin, 10% quantile is calculated in EW CaK . Then five order polynomial is fitted to these quantiles as shown in the left panel of Figure 3 . The solid lines are fitting curves. From the left panel we can see that the three basal lines corresponding to three different [Fe/H] ranges have some differences. When T eff > 6000K, the basal line of poor [Fe/H] range is above on that of rich [Fe/H] range. Generally speaking, poor [Fe/H] stars have larger EW CaK than rich [Fe/H] stars because for poor [Fe/H] stars metallic lines are relatively shallow. Note that our EW is negative for an absorption line. For Hα, we directly rebin the stars on T eff with a bin width of 50 K without [Fe/H] classification and the basal line is obtained by the same method as above. The right panel of Figure 3 shows the basal line for EW Hα . Then for member stars, EW CaK and EW Hα are obtained by using Equation 2. Stars whose EW > 0 are retained in our study.
3.3. Excess fractional luminosity After obtaining EW , Equations 3 and 4 are used to calculate the excess fractional luminosity R . In Equation 3, ATLAS9 model atmospheres 2 are used to calculate χ of grid points. F (λ) is flux at the stellar surface. We choose λ = 3950.5Å for CaII K and λ = 6560.0Å for Hα. σ is Stefan-Boltzmann constant. Turbulent velocity (vturb = 2.0km/s) and mixing length parameter (1/H = 1.25) are adopted for the model spectra. We calculate χ in terms of T eff , [Fe/H] and log g. T eff ranges from 4000K to 7000K in steps of 250K. The values of log g range from 4.0 to 5.0 in steps of 0.5. [Fe/H] ranges from -2.5 to 0.5 in steps of 0.5 plus a value [Fe/H] = 0.2. Three dimensional linear interpolation is used to obtain the corresponding χ for each star. Finally, excess fractional luminosity R is obtained by using Equation 4.
4. RESULTS AND ANALYSIS 4.1. the distribution of log R
With the above procedures, log R value for each member star is obtained. We perform a cross-match between our sample and the Simbad database 3 , and exclude those stars labeled as 'Flare*', 'pMS*', 'RSCVn', 'SB*', 'EB*WUMa', 'EB*', 'EB*Algol' and 'EB*betLyr' by Simbad. Flare stars and binaries can affect CA level (Curtis 2017; Fang et al. 2018) . In Appendix B, we simply discuss the impact of binaries. The result is shown in As T eff decreases, young member stars tend to have larger log R than old member stars, which conforms to our expectation. This phenomena is alike as Figure 2 .
We use simple Monte Carlo simulation to obtain the error of log R . Detail information can be found in Appendix A. For the CaII K line, σ(log R CaK ) has a large scatter when T eff > 6000K (see Figure 10 ). σ(log R CaK ) is about 0.05dex and 0.15dex at 5500K and 4500K. For the Hα line, the distribution of σ(log R Hα ) has a large scatter from 0.0dex to 0.5dex at all T eff range (see Figure 10 ).
There are some member stars which should be noticed. In Figure 4(b) , we can see that four member stars surrounded by a rectangle box have very high log R Hα values, which belong to a same open cluster: NGC 2112 (log t = 9.315). We check their spectra and find that they have very strong balmer emission lines. The open cluster is in the direction of the famous HII region known as Barnard's loop (Haroon et al. 2017) . We suspect that the high log R Hα values of this cluster are caused by interstellar medium. In (a) and (b) of Figure 4 , some member stars have very low values so that they will pull down the mean value of log R within an open cluster and increase the scatter obviously. So we exclude those stars whose log R CaK < -6.40 for the CaII K line and those stars whose log R Hα < -7.00 for the Hα line.
Mamajek & Hillenbrand (2008) derived CA-age relation by using a traditional indicator log R HK which was derived from S-values in the Mount Wilson HK project (Vaughan et al. 1978; Noyes et al. 1984) . We cross match our results with Table 5 of Mamajek & Hillenbrand (2008) . The comparison between our results and theirs is shown in Figure  5 . The crossing match sample only includes three open clusters: Melotte 20, Melotte 22 and NGC 2682. From Figure  5 , as log R CaK or log R Hα decreases, log R HK also decreases. However, for those stars whose CA indices are low, our indices show a little larger scatter than theirs, which might be caused by different data processing methods. For stars whose EW are close to the basal lines, their EW are close to zero and the log R CaK and log R Hα values discern more when taking the logarithm. In Appendix C, we list a table (Table 4) The mean value of log R CaK (log R Hα ) for each open cluster is calculated. Figure 6 plots this mean value vs. age of each cluster. The left-top corner gives the T eff range of member stars chosen to calculate mean value. Clusters Table 5 of Mamajek & Hillenbrand (2008) . which have only one star are not displayed in this plot. From Figure 6 (a) we find that when stellar age log t < 8.5 (0.3Gyr), the mean value of log R CaK starts to decrease slowly as age increases. Then after log t = 8.5, the mean value decreases rapidly until log t = 9.53 (3.4Gyr). Soderblom et al. (1991) pointed that the evolution of CA for a low-mass star may be going through three stages: a slow initial decline, a rapid decline at intermediate ages (∼ 1-2 Gyr), and a slow decline for old stars like the sun. Although there are some differences on age ranges of each stage, our conclusion is consistent with that of Soderblom et al. (1991) for the two former stages. In our sample, the number of old open clusters (log t > 9.0) is small and the age is only extended to log t = 9.53, so it's hard to see whether there is a slow decline for old stars like the sun. From Figure 6 (b) , the mean value of log R Hα decreases from nearly log t = 6.76 (5.7Myr) to log t = 9.53 (3.4Gyr). Although it doesn't show the trend: a slow initial decline and then a rapid decline, we can see the same trend as CaII K if we divide T eff range as done below. From Figure 6, Table 1 ). Poor [Fe/H] stars have relatively shallower metallic lines than rich [Fe/H] stars, leading to large EW CaK and log R CaK , which may be the reason of these larger mean values. Some open clusters have one or two member stars whose log R CaK values are very low, so that they pull down the mean values, like Collinder 69 and Collinder 359. We see that NGC 1817 has a very large error bar. This cluster has five member stars and all stars are with T eff > 6500K. Three of them have large log R CaK values, the other two have low log R CaK values. The difference between the two groups is about 1 dex. In panel(b), NGC 2112 has a very large mean value. The reason is discussed above.
The scatter of log R within an open cluster is large. In addition to measurement error, there are many other physical factors contributed to the scatter. Within an open cluster, different member star has different mass and rotation rate. Stellar mass and rotation rate can influence CA level (Noyes et al. 1984; Mamajek & Hillenbrand 2008) . Stellar cycle modulations also change CA level (Baliunas et al. 1995; Lorenzo-Oliveira et al. 2018) . Some stars in our sample may have flare or starspots, which affect CA level. Binaries and interstellar medium can also influence CA level. Appendix B simply discusses the impact of binaries and interstellar medium on log R . In our sample, some stars may not belong to open clusters and they affect the mean values. Besides, our data processing method also contributes to the scatter. For those stars whose EW are very close to the basal line, a small difference in EW between two stars can cause a large difference in log R (see Table 4 ).
In order to decrease the influence of stellar mass on CA, we divide T eff into three equal bins and plot the mean log R vs. age log t again as shown in Figure 7 . In all T eff ranges, we can see the trend that as age increases the mean value decreases slowly or remains unchanged, and then decreases rapidly. The scatter is smaller at low T eff range than at high T eff range. That means log R is more sensitive to stellar age at lower T eff , which is consistent with Figure 2 of Zhao et al. (2011) . In their figure, the quantity log S HK used to indicate CA level discerned more from each other at redder color. The trend that CA shows a slow decline and then a rapid decline is more evident for cooler stars. This phenomena may be related to stellar inner structure. Those stars at low T eff range have thicker convective zone than those at high T eff range. So those stars at low T eff range can maintain strong surface magnetic field at longer time scale than at high T eff range (Fang et al. 2018; West et al. 2008) .
There are some open clusters which deviate from locations of expectation or have a large error bar. Many of them are discussed above. In Figure 7(c) , Melotte 25 has a low mean value and a large error bar. The reason is that this cluster has only three member stars at 6000K < T eff < 7000K, of which one member star has a low log R CaK value (log R CaK = −5.81), pulling down the mean value. In Figure 7(d) , Alessi 20 has a larger mean value. With 4000K < T eff < 5000K, this open cluster has only two member stars, whose [Fe/H] are poorer compared to the other member stars. One of these two stars shows very strong Hα emission line. Maybe these two stars are not member stars of the cluster. Roslund 6 has only two member stars with 4000K < T eff < 5000K. The EW Hα of these two stars are very large. One is 15.13Å, the other is 3.90Å. Their spectra show very strong Hα emission line. Not just Hα, there are other emission lines in these two spectra such as: Hβ, CaII HK, NII and so on. Maybe the two stars are in a special term. For example, they have large spots on stellar surface. −0.2 < [Fe/H] < 0.2 and plot the mean log R vs. age log t again. The sample is splited on a star-by-star basis. Figure  8 shows log R vs. log t with 4000K < T eff < 7000K and −0.2 < [Fe/H] < 0.2. By comparing Figure 8 and Figure  6 , we find that there is no obvious difference. Figure 9(a) and (c) shows log R vs. log t with 4000K < T eff < 5500K and without [Fe/H] limit. Figure 9(b) 
fitting between log R and log t at low T eff range
Quadratic function is used to fit data points with 4000K < T eff < 5500K in two [Fe/H] ranges. Figure 9 shows fitting curves and relationships. For Hα, two stars of Alessi 20 and two stars of Roslund 6 mentioned in 4.2.1 are removed. The relationships are also listed in Equations 5-8. Age for field stars can be approximately estimated by solving these quadratic equations. Via Monte Carlo simulation, a distribution of log t can be obtained with a log R value and its error. For Equations 5 and 6, we calculate two distribution of log t at two log R CaK values (log R CaK = −4.90, −5.23). The error of log R CaK is set to 0.15dex. The error of log t are about 0.40dex, 0.28dex at log t = 8.75, 9.44 corresponding to log R CaK = −4.90, −5.23. The error of log t at log t = 9.44 is smaller than at log t = 8.75. This is because the fitting curve gets steeper when log t increases and log R CaK is projected to a smaller range of log t. For Equations 7 and 8, the error of log t are about 0.40dex, 0.28dex at log t = 8.60, 9.40 corresponding to log R Hα = −4.90, −5.40. The error of log R Hα is set to 0.20dex.
Equations 5 and 7 are used to estimate ages of corresponding clusters whose log t > 8.00. The results and relative error are shown in Table 3 . In a following paper, we will use Equations 5-8 to roughly estimate ages of field stars. log R CaK = −12.45 + 2.10 log t − 0.14(log t) 2 , 
log R Hα = −9.84 + 1.66 log t − 0.13(log t) 2 , −0.2 < [Fe/H] < 0.2 (8) Note-The first column is the names of open clusters. The second column is the ages (t) of clusters from references. The third and fourth columns are the estimated ages from Equation 5 and its relative error. The fifth and sixth columns are the estimated ages from Equation 7 and its relative error.
CONCLUSION AND OUTLOOK
In this paper, we investigate the CA-age relationship by using the largest sample of open clusters in the LAMOST survey. Fang's method (Fang et al. 2018 ) is used to calculate excess fractional luminosity log R CaK , log R Hα of every member star which can be used to indicate CA level. In this method, we use 10% quantile in EW to obtain the basal lines. Excess equivalent width EW can be obtained after subtracting EW basal . Then R can be obtained via R = EW × χ, of which χ is the ratio of the surface continuum flux near the line to the stellar surface bolometric flux from model spectra.
For each open cluster, the average log R CaK , log R Hα can be calculated. For CaII K, 1091 member stars of 82 open clusters have log R CaK measurements. For Hα, 1118 member stars of 83 open clusters have log R Hα measurements. Then the relationship between the average log R and the age can be studied in different T eff ranges and [Fe/H] ranges. We find that CA starts to decrease slowly from log t = 6.70 to log t = 8.50, then decreases rapidly until log t = 9.53, which is consistent with the point of Soderblom et al. (1991) . The trend is more evident for cooler stars. This phenomena may be related to stellar inner structure. Compared to stars at high T eff , stars at low T eff have thicker convective zone, such that they can maintain strong surface magnetic field at longer time scale. We narrow [Fe/H] range to −0.2 < [Fe/H] < 0.2 and find that there is no obvious difference. Finally, we construct quadratic functions between log R and log t with 4000K < T eff < 5500K, which can be used to roughly estimate ages of field stars with accuracy about 40% for log R CaK and 60% for log R Hα .
The LAMOST telescope has obtained about 9 million spectra. The relations shown in Equations 5-8 suggest that log R can be used to roughly estimate stellar ages for dwarfs. With reliable stellar ages, the evolution of the thin disk can be investigated. For example, we can study the spatial age distribution and relations between the stellar age and velocity. Older open clusters are needed to extend the CA-age relation. Medium resolution spectra (R ∼ 8000) being obtained with the ongoing LAMOST survey may improve the CA-age relation in the near future. This work is supported by the Astronomical Big Data Joint Research Center, co-founded by the National Astronomical Observatories, Chinese Academy of Sciences and the Alibaba Cloud, the National Natural Science Foundation of China under grant No.11973048, 11573035, 11625313, 11890694 . Support from the US National Science Foundation (AST-1358787) to Embry-Riddle Aeronautical University is acknowledged. Guoshoujing Telescope (the Large Sky Area Multi-Object Fiber Spectroscopic Telescope LAMOST) is a National Major Scientific Project built by the Chinese Academy of Sciences. Funding for the project has been provided by the National Development and Reform Commission. LAMOST is operated and managed by the National Astronomical Observatories, Chinese Academy of Sciences.
APPENDIX
A. MEASUREMENT ERROR OF EW AND log R
Monte Carlo simulation is used to obtain the error of EW. For a spectrum, flux at every data point has a inverse variance. So the random flux can be produced following a gaussian distribution of µ(flux at a data point) and σ(inverse variance). In our simulation, we produce 1,000 simulated spectra and calculate their EW. The standard deviation of EW is used as the error of EW. Figure 10(a) and (b) plots σ(EW) vs. T eff . From Figure 10(a) , the error of EW CaK increases slightly as T eff decreases. The average error of EW CaK is about 0.1Å when T eff > 5500K and about 0.2Å at T eff = 4500K. From Figure 10(b) , we see that the bottom boundary of distribution of σ(EW Hα ) increases slightly when T eff decreases from 5500K. The average error of EW Hα is about 0.04Å.
The error of log R is also estimated by using Monte Carlo simulation again. Only four factors are considerd: the EW and stellar atmospheric parameters including T eff , [Fe/H] and log g. Errors of T eff , [Fe/H] and log g are set to 110K, 0.12 dex and 0.11 dex, respectively. Figure 10 Figure 10(c) , we see that when T eff > 6000K, σ(log R CaK ) shows a large scatter. The large scatter is mainly due to small EW CaK which means EW CaK are close to the basal line. If a star has EW CaK close to the basal line, its EW CaK is close to zero. A small difference in EW CaK can cause a large difference in log R CaK when taking logarithm of R (R = EW × χ). When T eff < 6000K, σ(log R CaK ) shows a relatively tight distribution. The errors are about 0.05dex and 0.15dex at 5500K and 4500K. There is no large scatter at this T eff range because as T eff decreases the distribution of EW CaK shows a large scatter (see Figure 2 ) and many stars have relatively large EW CaK . From Figure 10(d) , we see that at all T eff range σ(log R Hα ) shows a very large scatter from 0.0dex to 0.5dex. The reason is same as above. However, for the Hα, many member stars have EW Hα close to the basal line not only at high T eff range but also at low T eff range.
B. THE IMPACT OF BINARIES AND INTERSTELLAR MEDIUM ON log R
The interaction of two stars can affect CA level. The member stars list provided by Cantat-Gaudin et al. (2018) include gaia color (G BP − G RP ) and visual magnitude (G mag ). According to these information, we can plot CMD (color magnitude diagram) of each open cluster. On CMD, some member stars lie above the single main sequence and many of them are binaries. We try to check change of mean value and scatter of log R by discarding these stars. For example, after discarding these stars of NGC 2632, the mean value and standard error of log R CaK changes from -5.04±0.184 to -5.05±0.184 with 4000K < T eff < 5500K. The same value of log R Hα changes from -5.16±0.185 to -5.18±0.178 with 4000K < T eff < 5500K. Note that we do not consider the labels provided by simbad. The change of the mean values is very small.
The interstellar medium (ISM) imprints absorption lines in the vicinity of the CaII H & K line cores, which negatively biases CA indice (Pace & Pasquini 2004; Curtis 2017) . Our spectra are low resolution spectra (R ∼ 1800 at 5500Å) and they are not much likely to show evident ISM absorption lines at the wavelength of the CaII H & K line. Hα line is less affected by ISM. So we can find some open clusters which are coeval but separated by a large distance. Then we plot the distributions of log R CaK vs. T eff and log R Hα vs. T eff . If ISM affect our results, at a similar range of T eff , the log R CaK values of nearby cluster suppose to be higher than that of distant cluster, but the log R Hα values should keep consistent. However, in our sample, the number of member stars for some open clusters are small. Besides, many open clusters have most member stars with T eff > 6000K. When T eff > 6000K, log R values of member stars of different ages can mix. Fortunately, we find two open clusters: NGC 2281 and Melotte 25 (Hyades). NGC 2281 has log t = 8.78 (Kharchenko et al. 2013 ) and d = 519pc (Cantat-Gaudin et al. 2018) . d is the distance to the sun. Melotte 25 has log t = 8.87 (Gossage et al. 2018 ) and d = 48pc (Röser et al. 2019) . There is more than 100Myr age difference between the two clusters. The distributions of log R vs. T eff are shown in Figure 11 . When T eff < 6000K, NGC 2281 has a little larger log R CaK and log R Hα values than that of Melotte 25 at a similar range of T eff , which suggests that the impact of ISM is smaller compared to the decrease in CA over time.
C. AN ILLUSTRATION OF LOGARITHM EFFECT
During data processing, EW of some member stars are close to the basal lines. For those stars, a small difference in EW can cause a large difference in log R . This is because EW close to the basal line leads to EW close to zero and R close to zero (R = EW × χ), then R is projected to a large range when taking logarithm. We list some examples in Table 4 to illustrate it. Note-Note that [Fe/H] and log g are set to 0.0 and 4.2.
